The importance of iron to the field of thin and ultra-thin films cannot be overstated, and its relevance to modern spintronic material applications is without question. Being the canonical ferromagnetic (FM) material, its properties in various material systems continue to be of very high interest till the present day. For example, many recent studies focused on the growth and properties of Fe on topological insulators, 4d transition-metal surfaces, wide band-gap semiconductors, and carbon-based materials such as C 60 and graphene. [1] [2] [3] [4] [5] [6] Clearly of great importance to any material system is how the Fe grows and couples magnetically to it. This is of fundamental importance to the field of magnetic exchangebias systems [7, 8] which are ubiquitous in modern magnetic recording technology, since the discovery of giant magneto-resistance. [9, 10] Ideally, the FM material, coupled directly to an antiferromagnetic (aFM) layer (such as chromium), would form a perfect atomically-sharp interface, and the two magnetic layers would couple directly across the interface. Studies have shown that the perfect interface model is unrealistic however, and the complication in the structural arrangement can lead to complex magnetic arrangements as well. [11, 12] Exploring the manner in which Fe adapts to different aFM surface environments could lead to new insights into this complex behavior and open new pathways to achieving more successful devices as well as fundamental understandings. In the present study, we choose manganese nitride [Mn 3 N 2 (001)], having a Néel temperature of 652
• C (well below the Curie point of Fe, 770
• C), as the aFM surface. This surface is well-studied experimentally, including by spin-polarized scanning tunneling microscopy (SP-STM), detailing its structural, electronic, and magnetic properties. Consisting in the bulk of two MnN layers followed by one Mn layer with purely in-plane aFM spin directions [13] , this structure manifests at the surface a more complex orthogonal, terrace-dependent spin ordering. [14] Such a surface forms an ideal yet challenging testing ground to see the effect of Fe, and as shall be shown, the results are hardly predictable.
Samples are prepared using molecular beam epitaxy (MBE) by first depositing k-points grid. [19, 20] First, the bulk of Mn 3 N 2 is modeled with a body centered tetragonal structure. After relaxation, an aFM structure is found to be most stable. We also find the lattice parameters to be a=b=2.94Å and c=11.97Å, which are in good agreement with previous reports. [21] The Fe adsorption on the surface is analyzed with the surface formation formalism, which is adapted for the Mn 3 N 2 system following the work of Qian et al. [22] Presented in Fig. 1 are an STM topograph (a) and corresponding dI/dV map (b) of the Mn 3 N 2 (001) substrate prior to Fe deposition. The surface consists of atomically smooth square-like terraces separated by single atomic height steps, forming a pyramidal morphology. Using dI/dV mapping, the electronic structure of the nanopyramids is investigated; at small negative sample bias, the sequence at the surface consists of one (B) bright terrace (higher dI/dV signal) followed by two (C and A1) darker terraces (lower dI/dV signal), still having a 3-layer periodicity. As will be shown, all surface layers are MnN layers, with differences between A1, B, and C coming only in deeper layers. The 3-layer sequence at the surface is consistent with previous electronic studies of the Mn 3 N 2 (001) surface. [14] Zoom-in views of the rectangular boxed regions from Figs In order to explore island growth space further, additional experiments with the substrate held at 100
• C and at RT were also carried out. The results are qualitatively the same with one small difference being a possible increase in sticking coefficient. For all cases, RHEED patterns showed no change in the lattice constant and no additional phases, implying that the islands are coherent with the substrate.
Figs. 3(a) and 3(b) show an STM topograph and corresponding dI/dV map, respectively, for the 0.15 ML case. The island heights are all about the same (2.28 ± 0.13Å), as seen in the line profile shown in the inset to Fig. 3(a) . Also, the measured step heights and electronic contrasts between adjacent pairs of terraces (A1-B, B-C, and C-A1) are consistent with the surface before Fe deposition (described above) as well as previously published results, [14] showing that the terrace electronic properties are unaffected by the islands. One unique feature of this surface region is the presence of a stacking fault boundary within one of the terraces, as indicated by a dashed line; this boundary has to be taken into account when interpreting the dI/dV contrast on the islands from differing terraces presented in Fig. 3(c) (discussed below).
To determine the composition of the observed islands, we performed AES measurements by measuring AES peak intensities obtained from derivative spectra with corrections for Fe and Mn sensitivity factors. Surprisingly, we find Fe:Mn ratios of only a few percent (see Table I ). is obtained for all the coverage cases (see Table I ). This disagreement indicates that the islands are not (or not entirely) made of Fe atoms.
Therefore, we consider the possibility that the Fe atoms react somehow with the Table I ).
Referring back to Figs. 3(b) and 3(c), the electronic contrast of the islands from differing terraces can now be discussed in terms of Mn islands residing on top of A1 24 -, B 36 -, and C 25 -structured surfaces. We consistently find not less than three different island contrasts, dependent only on the island's terrace. As shown in Fig. 3(c) , we observe dark islands on bright (A1) terraces, light islands on dark (B) terraces, and dark islands on dark (C)
terraces. Due to the stacking fault (indicated by the dashed line), which results in a sequence of three low dI/dV (dark) terraces, the middle one contains two types of island contrasts, dark on dark above the A1 region and light on dark above the C region. Although the data was acquired using an Fe-coated W tip, the contrast observed here is purely electronic based on 1) a lack of expected magnetic contrast on the terraces themselves; [14] and 2) the fact that an applied out-of-plane magnetic field of ∼ 0.4 T did not result in any changes to the islands dI/dV contrasts. showing the electronic contrast differences between islands and corresponding substrate terraces. 
